Using the methods of a previous joint paper, the calculation of the scattering and polariza tion of electrons with energies between 5-4 and 1060 keV is extended to the whole angular range for the atomic field of gold. It is found that even at the highest energies the angular distribution of the scattering does not exhibit a monotonic fall with increasing angle, and that the asymmetry in double scattering reaches a maximum value which is quite large at angles greater than 90°. The variation of the total elastic cross-section with energy is also investigated. A simple closed formula for the scattering is obtained by transforming Dirac's equations into a single differential equation of the same form as Schrodinger's equation but with a modified 'scattering potential', and then using this potential in Born's approximation. The resulting formula gives angular distributions to which the exact values of the scattering appear to approach more and more closely as the energy of the electrons increases.
The present paper gives the results of an investigation of the scattering and polarization of electrons over a wide range of energies and angles, for the atomic field [ 189 ] of gold. It is found that diffraction minima persist in the angular distribution of the scattering even at the highest energies, though otherwise the curves seem to approach more and more closely to values given by a simple closed formula for the scattering derived from Dirac's equations using Born's approximation. The polarization is a maximum not at 90°, but at a larger angle, and the magnitude of the asymmetry in double scattering is then quite large. Finally, the relative effects of an alteration in the field on the scattering and on the polarization are considered.
Ge n e r a l t h e o r y Consider the scattering through an angle 6 of an unpolarized beam of electrons of rest mass m, velocity v, energy E, and wave number k, so that As shown in Paper A, the effective cross-section for scattering per unit solid angle in the direction 6 is given by where m -= k Z{{1 + 1){1 " e2<,,)+l(lr~ 3(cos 0),
The quantity % is a phase constant such that sin (kr -\lrr rjf) is the asymptotic form of that solution of the differential equation d2G, dr2 + j a^-1(1+ 1) l + l a.' 3 a'2 la " + 4 a 2 2 a Gt = 0, which vanishes at the origin, the quantities a and fi being given by
oc = ^( E -V + me2) , 0 = ^( E -V -m e 2).
The quantity is similarly defined, the corresponding differential equation for differing from that for Gt only in having a term -la'/ra, in place of the term (l+ l) a' /ra in (4). It turns out that the difference between the values of T )t and is negligible except for the smallest values of l, and it is this difference which is responsible for the existence of a polarization on scattering.
Consider now the effect of polarization of the electrons in a double scattering process. If the original beam, incident in the direction Lx Tv is first scattered through an angle 0 in the direction Tx T2, and then scattered a second time through the angle 6 in the direction T2L2, and if 0 is the angle between the planes Tx T2 and Tx T2L2, Special care was needed in summing the series f o r /a t very small angles where the convergence is particularly poor. The summation was replaced by the integral with respect to l, and the integration was carried out graphically. For this purpose a number of values of Pt for large l had to be calculated from the asymptotic formula.
T h e a n g u l a r d is t r ib u t io n o p t h e s c a t t e r in g
The present method of calculating the scattering is similar to that used in the non-relativistic case ( 
Zp being the effective nuclear charge for potential as given by the method of the self-consistent field. It might be expected that at sufficiently high velocities, and where also | |2 is small compared with | / |2, the scattering would be given to a fair degree of approxi mation by the value | / |2, where m =^\ y -^dr, .
and, as will be shown, the present results seem to confirm this. A still further simplification is obtained by neglecting (a'/a)2 and a '/a in (9), and taking instead of the atomic field a purely Coulomb field, viz.
where Z is the atomic number. Then in place of relation (9) for V, the following simplified value is found: V --l I (1 -v2/c2)* r 2mc2 r2" ( 
11)
The scattering and polarization of fast electrons by heavy elements Substituting in relation (10) and integrating gives at once given by Mott (1932) for the scattering at 90° by the Coulomb field of a gold atom, numerical values being given for R which increase monotonically from 1 to 3*4 as the energy of the electron increases from zero to infinity. Therefore the value of R given by the formula With regard to the scattering at small angles, it will be seen on referring again to figure 1 that the exact value of R is obviously tending to smaller values than 1 as the angle decreases. This is to be expected, for the scattering by a Coulomb field tends to infinity as the angle tends to zero, whereas the true value is of course finite for zero angle. A t small angles, therefore, a much better approximation to the scattering would be given by taking the atomic field and substituting the value V = Zp e2/{r( 1 -v2/c2)*} e*/2mr 2 in formula (7), the integration being carried out numerically. In figure 2 are shown angular distributions so calculated from the formula (7), together with corresponding ones obtained from the formula (13) for the Coulomb field, and the exact values obtained by the use of the formulae (2) and (3). While the exact values deviate from the formula (7) by a factor o f 4 at some angles at the lower energies, they never deviate by a factor of more than 2 at the higher energies, and this is a close enough fit for all practical purposes in view of the extremely rapid variation of the intensity with angle. The values given by the simpler formula (13) are seen to hold down to smaller and smaller angles as the electron energy increases, the deviation for 1060 kV electrons only becoming marked for angles less than 1°.
Total elastic cross-section
Since the main contribution to the total cross-section comes from small angles where g is negligible in comparison w ith /, the total cross-section will be given by 
E ffect of modifications of field on scattering and polarization
Although the experimental evidence is not finally conclusive on the point, it may be that for certain energies the scattering and the polarization are definitely much less than predicted by theory. It is therefore o f interest to consider to what extent modifications in the atomic field will affect the intensity of scattering and the magnitude of the polarization simultaneously. An atomic field of the form Z pe2{\ -e-Ar)/r was therefore taken for consideration, and the case of ka0 = 100, Aa0 =137 investigated. The effect of adding on the repulsive field was to reduce S0 from 3*89 to 3*44, but and higher phases were not appreciably reduced. On the other hand, was reduced from 0*17 to 0*05. The reduction in 80 resulted in a reduction of the scattering at 90° to 0*4 of the previous value, and the reduction in \{rji -V-1-1)caused the asymmetry at 90° to be reduced to about 0* 1 of the prev value. The reduction of the scattering at 180° was more marked, viz. to 0*1 o f the previous value, while that at small angles was not much diminished.
The calculations seem to indicate in general that if the field is modified to reduce the scattering at 90°, the reduction will be markedly greater at larger angles, while the asymmetry in double scattering at 90° will be reduced by a greater amount than the scattering. The values of A necessary to produce appreciable reduction, however, involve modifications of the atomic field at distances which seem impossibly large. Thus fa king =137 reduces the atomic field to half its value at a nuclear distance o f 2*6 x 10~n cm., while the field is appreciably modified at still larger distances.
